Objective. Identifying infant deaths with common underlying causes and potential intervention points is critical to infant mortality surveillance and the development of prevention strategies. We constructed an International Classification of Diseases 10th Revision (ICD-10) parallel to the Dollfus cause-of-death classification scheme first published in 1990, which organized infant deaths by etiology and their amenability to prevention efforts.
The International Classification of Diseases (ICD), published by the World Health Organization (WHO), serves as the standard for morbidity and mortality classification. Volume two of the ICD 10th revision (ICD-10) provides the structure used to collect, classify, process, and present mortality statistics over time and across geographic regions, 1,2 using a taxonomy that classifies deaths by general disease and affected organ or site. To ensure consistency in the presentation of mortality data across nations, WHO statisticians and medical officers create special tabulation lists with each revision of the ICD. These lists, modified for use in the United States by the Centers for Disease Control and Prevention (CDC), National Center for Health Statistics (NCHS), aggregate thousands of single underlying cause-of-death codes into meaningful categories that take into consideration the cause group's amenability to public health interventions. In the United States, NCHS's List of 130 Selected Causes of Infant Death is the longstanding method for aggregating cause codes for infant mortality surveillance. 3 One challenge of adapting this list to the statistical study of infant mortality is that contiguous code blocks do not necessarily reflect common etiologies. [4] [5] [6] Alternative classification schemes for infant mortality have been proposed to improve the utility of the ICD underlying cause-of-death code groups for targeted public health efforts. Isolation of prematurity-related deaths, for example, has been a particular challenge for infant mortality surveillance. [6] [7] [8] [9] To more accurately reflect deaths caused directly or indirectly by prematurity, NCHS has begun tracking preterm-related mortality using selected cause codes originally identified through a clinical and literature review of 20 leading causes of infant death. 5, 10, 11 Although this measure is specific to the impact of prematurity on infant mortality, by combining conditions from different sections of the ICD into one with a common set of health determinants, it is an example of the kind of causal grouping critical to health assessment and prevention efforts. The Dollfus classification system, published in 1990 by researchers from the University of North Carolina at Chapel Hill and the North Carolina Center for Health Statistics, aggregates infant deaths based on common etiology and their amenability to prevention strategies 4 into eight mutually exclusive groups: prematurity and related conditions, congenital anomalies, Sudden Infant Death Syndrome (SIDS), obstetric conditions, birth asphyxia, perinatal infections, other infections, and external causes. In 2013, the State Infant Mortality Toolkit, developed through a collaboration among CDC, the Association of Maternal and Child Health Programs, the March of Dimes, and state and national experts in maternal and infant health, emphasized the importance of infant cause-of-death grouping, including Dollfus classification, to assess infant mortality. 12 This toolkit provides an analytical framework that is useful for Collaborative Improvement and Innovation Network (CoIIN) efforts directed toward infant mortality reduction, 13 Health Resources and Services Administration's Title V Maternal and Child Health program needs assessment, 14 and other initiatives to improve birth outcomes. 15 The toolkit examined comparability of Dollfus classification using published data aggregated into 130 rankable causes of infant death under ICD Ninth Revision (ICD-9) and ICD-10, cautioning that classification systems are limited by the quality of underlying cause-of-death data. Our method builds upon that earlier work, employing a statistical frequency-based approach applied to individual bridgecoded death records coded under both ICD versions.
The most recent update to the original Dollfus classification was published in 1999, when Sowards updated the system to facilitate its use with national data, 16 17 from ICD-9 to ICD-10 codes.
METHODS

Data sources
Individual ICD-9 codes published in Sowards' 1999 Modified Dollfus Scheme were mapped to ICD-10 codes through bridge coding. 17 Infant death records, dual-coded to both ICD-9 and ICD-10, were obtained from CDC's public-use multiple-cause-of-death file on comparability between ICD-9 and ICD-10, created from the 1996 data year multiple-cause-of-death file.
The dual-coded file included 28,551 infant death records with 778 distinct ICD-9 codes, 992 distinct ICD-10 codes, and 3,297 unique code combinations. Of the 28,551 infant death records, 730 were removed due to missing ICD-10 information, leaving 27,821 infant death records suitable for analysis of infant mortality. 17 Unusual ICD-9/ICD-10 pairings, defined as those representing less than 5% of all pairings for a particular four-digit ICD-9 code (1,647 pairs, 2,927 infant deaths), were removed to focus ICD-9 to ICD-10 Dollfus mapping efforts on the most common ICD-10 code assignments. After removing the 730 records unsuitable for analysis as well as 2,927 records with the most unusual ICD-9/ICD-10 pairings, the final file used to develop the ICD-10 equivalent to Sowards' 1999 Modified Dollfus Scheme included 24,894 infant  death records, 759 ICD-9 codes, 843 ICD-10 codes, and  1,650 unique code combinations. ICD-9 to ICD-10 mapping of Dollfus categories. Mapping of ICD-10 codes to Dollfus groups began with assigning each of the 759 distinct ICD-9 codes to one of the categories in the modified Dollfus scheme published by Sowards. Under Sowards' 1999 Modified Dollfus Scheme, 265 of the 759 distinct ICD-9 codes were assigned to eight Dollfus categories, which accounted for most (81.5%) infant deaths (data not shown). The remaining 494 codes were ascribed to "not classified." The eight main categories were further divided into subcategories, based on the original ICD-9 code groups published by Dollfus et al. in 1990; 4 Sowards did not include subcategories in her update. 16 A crosswalk between ninth-and 10th-revision Dollfus categorization was created by joining the 265 Dollfusclassified ICD-9 codes at each subcategory level to their corresponding ICD-10 codes, which produced a list of 419 distinct ICD-10 codes, each with at least one mapped Dollfus subcategory. Most 10th-revision cause codes (n373, 89.0%) were associated with a single ICD-9-based Dollfus subcategory. ICD-10 codes that mapped to two or more subcategories involved conditions where advances in medical knowledge or changes to the cause selection rules likely gave rise to differences in underlying cause selection. For example, 37 infant deaths coded using ICD-10 were attributed to human immunodeficiency virus (HIV) (ICD-10 B20-B24). Most deaths (86.4%) were originally coded to HIV infection (ICD-9 042.0-044.9); the remaining five deaths were coded to diseases of the blood, circulatory, and respiratory systems and opportunistic conditions associated with advanced HIV disease.
To ensure each ICD-10 code was mapped to a single Dollfus subcategory, subcategory assignments were ranked based on frequency and checked for consistency with the comparable category codes for 130 selected causes of infant death according to the ICD-9 and ICD-10, 17 and grouped in the "not classified" category if they were not consistent with this list. Subcategories associated with the most frequent assignment that were also consistent with this list were accepted. When the most frequent assignment conflicted with this list, remaining subcategory assignments were reviewed in order of descending frequency until a consistent mapping was identified. For example, the most common underlying cause selected for deaths attributed to acute vascular disorder of the intestine (K55.0) under ICD-10 was infectious colitis, enteritis, and gastroenteritis (009.0) rather than codes associated with noninfectious enteritis and colitis (555-558). Because the latter, rather than the most frequent, codes were consistent with CDC's selected cause list, acute vascular disorder of the intestine was ascribed to "not classified" with other diseases of the digestive system. This process resulted in a mapped listing of unique ICD-10 codes with a preliminary Dollfus assignment.
Because the dual-coded file represents deaths that occurred and not all possible causes of death, once the ICD-10 codes in the file received preliminary assignment, the next step involved assessing the resulting ICD-10 code list for gaps. ICD-10 codes from the CDC dual-coded file were organized into NCHS-selected cause groups, ICD-10 chapters, and three-digit-code blocks to identify uncommon causes from each disease group. Individual members of ICD-10 blocks were added to the updated Dollfus scheme if they were members of the same block listed among CDC's 130 selected causes of infant death (e.g., infections with a predominantly sexual mode of transmission) or there was an established association with the Dollfus category in the ICD-10 title (e.g., "congenital malformation" for congenital anomalies) or in the scientific literature. After identifying any potential gaps in the ICD-9 to ICD-10 mapping due to rare causes of death at the threedigit block level, the ICD-9 to ICD-10 mapping was reviewed at the 10th-revision chapter level to identify potentially missing blocks of ICD-10 codes. Accidental poisoning (X40-X49), other accidents (W20-W64, W75-W99, X00-X39, and X50-X59), and sequelae of unspecified external cause (Y89.9), missing from the 1999 external-cause Dollfus group, were added to the external-cause category in our updated version.
Comparability statistics
Comparability ratios (CRs), which measure the degree of continuity between cause-of-death classification schemes, 18 were used to measure the level of agreement between our bridge-coded, updated Dollfus scheme and Sowards' 1999 Modified Dollfus Scheme. We based 95% confidence intervals (CIs) for the CRs on multinomial sampling theory, which accounted for the lack of independence between coding of deaths via ICD-9 (numerator) and ICD-10 (denominator). [18] [19] [20] 
RESULTS
The original and updated ICD-9 versions of the Dollfus scheme are presented with the ICD-10 version, obtained using the bridge-coded file (Table 1) . CRs, by primary cause category and subcategory, are also shown ( Table 2 ). Overall, Sowards made relatively minor changes to the 1990 Dollfus Scheme, augmenting the original scheme to include less frequent causes of death in the categories of prematurity and related conditions, congenital anomalies, other infections, and external causes. The substantial effect of classification in ICD-10 on Sowards' ICD-9-based scheme is shown. Among the nine main categories of infant death, all CRs except for obstetric conditions were significantly different from each other ( Table 2) .
Among the eight main categories (excluding deaths in the "not classified" category), prematurity and related conditions, congenital anomalies, SIDS, and obstetric conditions were the first, second, third, and fourth most common causes of infant death under both classification schemes. Similarities ended beyond the four most common causes of death, with other infections representing the fifth and seventh most frequently reported causes of death under ICD-9 and ICD-10 schemes, respectively ( Table 2) .
Among the eight main categories, those with the least comparability, in terms of differences between their CRs and 1, were birth asphyxia (CR1.33, 95% CI 1.25, 1.41), other infections (CR0.75, 95% CI 0.72, 0.78), and external causes (CR1.60, 95% CI 1.55, 1.65) ( Table 2 ). The greater number of deaths attributed to birth asphyxia and external causes under ICD-10 can be attributed to the large number of infant deaths assigned new perinatal codes under ICD-10 that were assigned to "not classified" under Sowards' ICD-9 scheme. Comparability in the external causes category was also affected by the inclusion of deaths associated with certain ICD-9 cause codes (e.g., E913: accidental mechanical suffocation) that were not listed in the Modified Dollfus Scheme. The lack of comparability between ninth-and 10th-revision Dollfus schemes in the category of other infections mainly reflects the reassignment of infections, such as those associated with the digestive system, to ICD-10 perinatal codes associated with the perinatal infections category.
The greatest overall change, in terms of number of deaths that moved in or out of any of the eight cause categories with the shift to ICD-10, involved deaths attributed to prematurity and related conditions, with 595 more deaths assigned under ICD-10 than under ICD-9 (Table 3 ). Only 87% (7,829/8,976) of infant deaths attributed to this category under ICD-10 were similarly assigned under ICD-9. Deaths moving into prematurity and related conditions under ICD-10 came mainly from congenital anomalies or the "not classified" category ( Table 3 ). The CR for prematurity and related conditions was 1.07 (95% CI 1.06, 1.08), which means 7% more infant deaths were assigned to this category using ICD-10 compared with ICD-9 ( Table 2 ).
In the ninth group, "not classified," changes in assignment were mainly due to expanded disease classifications, specifically the addition of terms newly assigned to perinatal codes under ICD-10 and the addition of deaths associated with external cause codes absent from Sowards' Modified Dollfus Scheme. Of the 5,126 deaths not classified under ICD-9, 3,485 remained not classified under ICD-10. The other 1,641 infant deaths shifted to other cause categories via the 10th-revision update. Of these 1,641 deaths, roughly one-third (n502, 30.6%) moved to prematurity and related conditions and 23.9% (n393) moved to external causes (Table 3) .
DISCUSSION
The 1999 Modified Dollfus Scheme and our 10threvision update were consistent in their ranking of the most common, broad cause categories of infant death: prematurity and related conditions, congenital anomalies, SIDS, and obstetric conditions. 16 However, beyond that, agreement was limited to a small number of conditions. The greatest discontinuities between the two schemes, in terms of the numbers of infant deaths reclassified, were seen in deaths attributable to prematurity and related conditions, which increased; congenital anomalies, which decreased; and deaths in the "not classified" category, which decreased.
Dollfus classification, which uses a single variable reported in all mortality datasets from the vital records system, provides an easily applied method for tabulating infant mortality statistics. This method also identifies deaths attributable to prematurity from death records alone, which could improve the timeliness of perinatal mortality surveillance efforts that rely on the linkage of death and birth records to obtain gestational age measures.
Another potential benefit of Dollfus classification is its potential expansion to include classification of fetal deaths. Certain underlying causes of infant death, such as influenza and pneumonia, are not suitable for classifying fetal deaths. However, many conditions, such as congenital anomalies that cause fatalities before and after delivery, share a common set of determinants and ICD-10 codes. Since Sowards' 1999 Modified Dollfus Scheme was published, CDC, in collaboration with state and local experts in maternal child health epidemiology and public health practice, launched an intensive effort to increase the utility of perinatal outcomes data for infant mortality investigations. 12, 21, 22 One focus Table 3 . Number and percent of infant deaths in 1996 classified by Sowards' ICD-9 modified Dollfus scheme a,b (1999) and an updated ICD- 
Limitations
This study was subject to several limitations. For one, gestational age measures were not included in the dualcoded mortality file used for this study; therefore, they were not used to validate the category prematurity and related conditions. As such, like the original Dollfus classification, deaths classified as prematurity-related in this updated scheme may not always involve preterm infants, a limitation detailed in previous studies. 5, 23 Secondly, deaths due to intracranial hemorrhage in the original Dollfus classification scheme that mapped to birth trauma other than intraventricular hemorrhage (ICD-10 P102) and nontraumatic hemorrhage (P524) are examples of deaths that are not all prematurity specific but are included in the category prematurity and related conditions. Although these causes of infant death are less common, their inclusion points to a need for further investigation into the gestational age distribution of deaths in the category prematurity and related conditions and the ability of this method to complement other prematurity classification approaches, most notably the prematurity-related measure recently adopted for use in national statistics. 7 Third, depending on the method used to select ICD-10 equivalents to ICD-9 codes for classification, the 1999 Modified Dollfus Scheme may have limited utility for trend analysis across ICD revisions. Modifications to the classification standards with ICD-10, particularly changes to rules that regulate selection of the underlying cause of death when more than one condition is listed, can significantly limit the ability to create a Dollfus-based scheme comparable with earlier ICD standards. Under ICD-10 Rule 3, a condition listed as a cause of death or as a contributing condition can be chosen as the underlying cause if there is medical or epidemiologic evidence that it initiated the chain of events that led to death. The impact of changes to Rule 3 and other selection rules on the classification of infant deaths is particularly relevant to the identification of prematurity-related deaths, which are multicausal, not yet fully understood, and subject to certification instructions that require the listing of additional conditions on the death certificate.
Fourth, the greater tendency of ICD-10 coding to classify deaths as being due to prematurity, as defined in this study, can make this codification less useful than CDC's special tabulation list of 130 selected causes of infant death, designed with continuity as a primary goal, for trend analyses involving deaths occurring before 1999 and those occurring thereafter. Applying Sowards' 1999 Modified Dollfus Scheme to deaths occurring before 1999 and this updated Dollfus scheme to deaths occurring after 1999 would distort statistical trends in maternal and infant health. Furthermore, similar to other classification schemes that aggregate deaths into a small number of mutually exclusive groups, Dollfus classification is not comprehensive. The modified (ICD-9) and updated (ICD-10) Dollfus schemes left 18.4% and 15.6% of deaths, respectively, "not classified."
CONCLUSION
Mapping Sowards' 1999 Modified Dollfus Scheme onto the ICD-10 is a potentially useful infant mortality classification tool that can be used for surveillance purposes, in addition to Callaghan's preterm-related conditions 5 and NCHS's list of 130 selected causes of infant death. 3 Bridge coding to ICD-10 is a starting point, and further examination using national or state infant death records is needed. With further study, this clearly defined, simple tool could be useful in guiding perinatal mortality reduction strategies in maternal and child health programs and other infant health improvement initiatives.
